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ABSTRACT 


Aim: The present study was designated to evaluate the oxidative stress biomarkers in male rat following oral repetitive admin¬ 
istration of 0.1 LD50 of the herbicide bromoxynil. 

Methodology: Animals were orally received four doses of 0.1 LD50 of bromoxynil every other day. Twenty-four hours after the 
last oral dosing, all rats were killed by decapitation. Blood, brain, liver, and kidneys were taken for determination of TBARS, lactic 
dehydrogenase, catalase and alkaline phosphatase. 

Results: TBARS were found to be significantly increased in the liver, kidneys and brain where they were 390.20, 293.80, and 
287.03% of control, respectively. In case of serum it was insignificantly increased to 162.88% of control value. Lactic dehydro¬ 
genase activity was significantly enhanced in serum and liver comparing with the control values (119.49 and 114.12%) and 
insignificantly enhanced in kidneys and brain (105.17 and 107.40%). Catalase activity was increased in all tissues where the 
enhancement was significant in both of serum and liver (122.68 and 119.99%, respectively) and insignificant in case of kidneys 
and brain (112.55 and 105.12%, respectively). Alkaline phosphatase activity in serum, liver, kidneys and brain was found to be 
elevated. These values were significant in liver and kidneys (113.47 and 121.14%, respectively) while they were insignificant in 
serum and brain (109.91 and 114.46%, respectively). 

Conclusion: Therefore, the herbicide bromoxynil could produce significant alteration in the lipid peroxidation and activities of 
some antioxidant enzymes and producing cellular oxidative damage in male rats following repetitive oral dosing. 
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INTRODUCTION 

Pesticides are used to prevent, control and eliminate unwant¬ 
ed pests and associated diseases. However, large amounts of 
these compounds caused environmental and public health 
concerns (Bhanti et al, 2007). Pesticide intoxication induces 
a derangement of certain antioxidant mechanisms in differ¬ 
ent tissues, including alterations in antioxidant enzymes and 
the glutathione redox system (Ahmed et al, 2001). Exposure 
to pesticides can induce oxidative stress by the induction of 
reactive oxygen species (ROS) as byproducts of detoxify¬ 
ing metabolism, by alteration in antioxidant defense mecha¬ 
nisms, including detoxification and scavenging enzymes, or 
by increasing lipid peroxidation as a result of the interaction 
between reactive oxygen species (ROS) and cellular or sub- 
cellular membranes (Abdollahi et al., 2004). These mediate 
a wide variety of toxic effects such as DNA damage or geno- 


toxicity (Ryter et al, 2007 and Franco et al, 2009). Overpro¬ 
duction of reactive oxygen and nitrogen species can result 
from exposure to environmental pollutants (Poljsak and Fink, 
2014). Oxidative stress arises if detoxification systems and 
antioxidants are compromised or if ROS production is exces¬ 
sive, resulting in DNA, protein and lipid oxidation (Ryter 
et al, 2007, West and Mamett, 2006, Franco et al, 2007). A 
more recent pilot study has pointed out that oxidative stress 
and DNA damage are possibly linked to pesticides-induced 
adverse health effects in agricultural workers (Muniz, 2008). 
Bromoxynil (3,5-dibromo-4-hydroxybenzonitrile) is used 
for the post-emergence control of annual broad-leaved 
weeds in cereals, maize, sorghum, flax, allium species, mint, 
and grass seed crops (Roberts, 1998). Bromoxynil is active 
as mitochondrial uncoupler (Tomlin, 2000). Bromoxynil is 
highly toxic to mammals and birds. The data for the acute 
oral LD 50 in rats range from 190 mg/kg up to 440 mg/kg 
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(Krieger et al, 2001). Recently, data indicate that the toxic 
action of pesticides may include the induction of oxidative 
stress and accumulation of free radicals in the cell. A ma¬ 
jor form of cellular oxidation damage is lipid peroxidation, 
which is initiated by hydroxyl free radical through the ex¬ 
traction of hydrogen atom from unsaturated fatty acids of 
membrane phospholipids (Farber et ah, 1990). As a conse¬ 
quence, these compounds can disturb the biochemical and 
physiological functions of cells in blood and liver (Akhgari 
et ah, 2003). The increased oxidative stress resulted in an 
increase in the activity of antioxidant enzymes such as super¬ 
oxide dismutase and catalase. The enhancement of release of 
lactate dehydrogenase (LDH) is also indicative of cellular 
and membrane damage, while inactivation of superoxide dis¬ 
mutase and catalase are expected to enhance the generation 
of reactive oxygen species (ROS) and consequently, pose 
an oxidative stress upon the system (Tabatabaie and Floyed, 
1996). The production of ROS can initiate lipid peroxidation 
and cause intracellular excess of malondialdehyde (MDA) 
(Peluso et al, 2010). Astiz et al (2011) found that thiobarbi- 
turic acid-reactive substances were increased in the exposed 
workers group of professional sprayers to various agrochem¬ 
icals for about 10 years. Our previous studies investigated 
the ability of many different groups of pesticides to induce 
oxidative stress in animals (Osman, 1999, Osman et al, 2000, 
Salama et al, 2005 and Salama et al 2013). The aim of the 
present study was to investigate the effect of the herbicide 
bromoxynil on producing alteration in the lipid peroxidation 
and activities of some antioxidant enzymes and producing 
cellular oxidative damage in male rats following repetitive 
oral dosing. 

MATERIALS AND METHODS 

Chemical 

Bromoxynil (3,5-dibromo-4-hydroxybenzonitrile) was sup¬ 
plied by Chem Service, West Chester (99% purity). All other 
chemicals used in this study were obtained either from Sig¬ 
ma or BDF1 Companies and they were of the highest grade 
available. 

Animals 

Male rats, Rcitus norvegicus, weighing an average of 110 g 
were obtained from the High Institute of Public Health, Al¬ 
exandria University. Animals were randomly separated and 
housed in stainless steel cages (5 per cage) and left two weeks 
under the laboratory conditions. Animals were provided ro¬ 
dent chow and tap water ad libitum through the study. 

Treatment of animals 

Male rats were divided into two groups, five rats each. The 
first group was orally received four doses of 0.1 LD _ 0 of bro¬ 
moxynil every other day. The second group received com oil 
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as the same manner of pesticide treated animals and served 
as vehicle control. Twenty-four hours after the last oral dos¬ 
ing, all rats were killed by decapitation. Blood samples were 
taken using non-heparinized tubes. Blood was centrifuged at 
5000 rpm for 5 min at 4 °C to separate serum for analysis of 
oxidative stress biomarkers. Brain, liver, and kidneys were 
excised rapidly, weighed, placed in glass vials and stored at 
-20 °C until determination. 

Preparation of tissue homogenate 

Selected tissues were homogenized in saline solution (1:10 
w/v) using a polytron homogenizer. The homogenates were 
used for determination of thiobarbituric acid reactive sub¬ 
stances (TBARS), lactic dehydrogenase, catalase and alka¬ 
line phosphatase. 

Lipid Peroxidation assay 

The determination of lipid peroxidation was based on the for¬ 
mation of thiobarbituric acid-reactive substances (TBARS) 
(Uchiyama and Mihara, 1978). To 0.5 ml of the homogen¬ 
ate, 3 ml of 1% phosphoric acid and 1 ml of 0.6% thiobar¬ 
bituric acid aqueous solution were added. The mixture was 
heated for 45 min in a boiling water bath and then cooled. 
n-Butanol (4 ml) was added to the above mixture and mixed 
vigorously. The butanol layer was measured was separated 
by centrifugation and the absorbance was measured at 532 
and 520 nm. Malondialdehyde (MDA) was employed as the 
standard and the molar absorptivity constant of 1.56 x 10‘ 5 
M cm -1 was used. Lipid peroxidation is expressed as nmole 
MDA/mg protein. 

Lactic dehydrogenase assay 

The determination of lactic dehydrogenase (LDH) was based 
on the conversion of lactate to pyruvate or pyruvate to lactate 
(Moss et al, 1986). The rate of NADH oxidation is propor¬ 
tional to LDH activity. Twenty microliter of tissue homoge¬ 
nate was added to 1ml of 50 mM phosphate buffer pH 7.5 
containing o.6 mM sodium pyruvate, 0.9 g/L sodium azide 
and 0.18 mM NADH. The mixture was gently mixed and in¬ 
cubated at 30 °C. The rate of NADH oxidation was measured 
at 340 nm. LDH activity is expressed as unit.mg protein 1 . 

Catalase assay 

Catalase activity was assayed by the method of Aebi (1984). 
The decrease in absorbance was measured at 240 nm. The 
enzyme activity was expressed as unit of catalase .mg ' pro¬ 
tein. One unit of catalase was defined as the amount of en¬ 
zyme necessary to reduce 1 pmole of 11,0, per minute. 

Alkaline phosphatase assay 

Alkaline phosphatase activity was estimated according to 
McComb et al (1966) using sodium p -nitro phenyl phosphate 
as a substrate. 







Salama et.al Oxidative stress biomarkers in rats exposed to bromoxynil 


Determination of protein 

The protein contents were determined by the method of 
Lowry et al (1951), using bovine serum albumin as standard. 

Statistical analysis 

Data were calculated as mean ±S.D. and analyzed using 
analysis of variance technique (ANOVA) followed by Least 
Significant Difference (LSD). Probability of 0.05 or less was 
considered significant. All statistical analysis was done with 
Costat Program (1986) on a personal computer. 


RESULTS 

Effect of bromoxynil on lipid peroxidation 

Lipid peroxidation levels were determined in different tis¬ 
sues of male rats following oral administration with repeti¬ 
tive doses of 12.9 mg/kg b.wt. (0.1 LD 50 ) of bromoxynil. The 
concentrations of thiobarbituric acid-reactive substances 
(TBARS) in male rats intoxicated with bromoxynil are pre¬ 
sented in Table (1). TBARS concentrations were significant¬ 
ly increases in the liver, kidneys and brain where they were 
390.20, 293.80, and 287.03% of control, respectively. While 
in case of serum it was insignificantly increased to 162.88% 
of control value. 

Effect of bromoxynil on the activity of lactic 
dehydrogenase (LDH) 

Lactic dehydrogenase activity in serum, liver, kidneys and 
brain were measured following bromoxynil administration 
and presented in Table (2). The results clearly indicate that 
bromoxynil induced oxidative stress, where serum and liver 
LDH activities were significantly increased comparing with 
the control values. They were 119.49 and 114.12% of control 
in serum and liver, respectively. Lactic dehydrogenase activ¬ 
ity also insignificantly increased in kidneys and brain. The 
values were 105.17 and 107.40% of control in kidneys and 
brain, respectively. 

Activity of catalase 

The increased oxidative stress resulted in an increase in the 
activity of antioxidant enzymes such as catalase is indica¬ 
tive of cellular and membrane damage. Catalase activity in 
different tissues of male rat was assayed following oral ad¬ 
ministration with repetitive doses of 12.9 mg/kg of bromox¬ 
ynil (Table 3). Our findings indicated that the catalase activ¬ 
ity was increased in all tissues where the enhancement was 
significant in both of serum and liver (122.68 and 119.99%, 
respectively) and insignificant in case of kidneys and brain 
(112.55 and 105.12%, respectively). 


Activity of alkaline phosphatase 

The repetitive oral administration of 12.9 mg/kg of bromox¬ 
ynil to male rats caused an enhancement of alkaline phos¬ 
phatase activity in serum, liver, kidneys and brain. These 
values were significant in liver and kidneys (113.47 and 
121.14%, respectively) while they were insignificant in se¬ 
rum and brain (109.91 and 114.46%, respectively) (Table, 4). 


DISCUSSION 

The obtained results indicate that the repetitive exposure 
to the herbicide, bromoxynil lead to the generation of oxy¬ 
genated reactive species (ROS) which affects the activity 
of the scavenging enzyme system. Overproduction of reac¬ 
tive oxygen and nitrogen species can result from exposure 
to environmental pollutants, including pesticides (Poljsak 
and Fink, 2014). The production of ROS can initiate lipid 
peroxidation and cause intracellular excess of malondialde- 
hyde (MDA) (Peluso et al, 2010). The potential of ROS to 
damage tissues and cellular components is known as oxida¬ 
tive stress. Astiz et al (2011) found that thiobarbituric acid- 
reactive substances were increased in the exposed workers 
group of professional sprayers to various agrochemicals for 
about 10 years. In our study, lipid peroxidation, lactic dehy¬ 
drogenase, catalase and alkaline phosphatase were assayed 
and considered as good biomarkers for oxidative stress. The 
results indicate that the toxic action of pesticides include the 
induction of oxidative stress and accumulation of free radi¬ 
cals in the cell. A major fonn of cellular oxidation damage is 
lipid peroxidation, which is initiated by hydroxyl free radical 
through the extraction of hydrogen atom from unsaturated 
fatty acids of membrane phospholipids (Farber et al., 1990). 
As a consequence, these compounds can disturb the bio¬ 
chemical and physiological functions of cells in blood and 
liver (Akhgari et al., 2003). Our results concerning the lipid 
peroxidation levels indicate that the level of MDA increment 
is pesticide dependent. Evidence from in vivo studies with 
many toxicants including pesticides supports the concept 
that free radicals e.g. hydroxyl radicals OH, H,0 2 and oth¬ 
ers, are important mediators of tissue injury and formation of 
these radicals result in increased lipid peroxidation (Farber 
et al., 1990; Akhgari et al., 2003, Jaiswal et al, 2014). Sh¬ 
vedova et al (2003) studied the oxidative stress, inflamma¬ 
tory biomarkers, and toxicity in mouse lung and liver after 
Inhalation exposure to diesel emissions. They showed that 
the degree of cytotoxicity/tissue damage and inflammation 
was evaluated by assessing the LDH and they observed a 
significant increase in the levels of LDH compared to con¬ 
trol. The increased oxidative stress resulted in an increase in 
the activity of antioxidant enzymes such as catalase. The en¬ 
hancement of release of lactate dehydrogenase (LDH) is also 
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indicative of cellular and membrane damage (Tabatabaie and 
Floyed, 1996, Osman, 1999, Osman et al, 2000, Salama et 
al, 2005 and Salama et al 2013). Catalase detoxifies H,0, in 
the biological systems. Hermes-Lima (2004) indicated that 
catalase activity often increase due to the regulation by ROS. 
Alkaline phosphatase is involved in trans phosphorylation 
reactions. The increase in this enzyme activity is attributed to 
its release from ruptured cells due to the effect of pesticides 
exposure (Shaffi, 1980). 

CONCLUSION 

The current study indicates that the repetitive exposure to 
bromoxynil herbicide could produce significant alteration in 
lipid peroxidation and some antioxidant enzyme activities 
such as lactic dehydrogenase, catalase and alkaline phos¬ 
phatase. The results demonstrated that intoxication with 
Bromoxynil induced significant damage of the serum, brain, 
liver and kidneys tissues leading to imbalance in enzymes 
activities in different organs and could produce oxidative 
damage. 
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Table 1: Lipid peroxidation levels in different tissues of male rat following oral administration with repetitive 
doses of 0.1 LD50 of bromoxynil. 


Tissue 

Control treatment 

nmole MDA/mg protein 

Bromoxynil treatment 

% of control 

Serum 

0.97±0.01a 

1.58±0.17a 

162.88 

Liver 

1.94±0.03a 

7.57±0.36b 

390.20 

Kidney 

0.64±0.03a 

1.88±0.04b 

293.80 

Brain 

1.78±0.06a 

5.10±0.19b 

287.03 

MDA is Malondialdehyde. 

Values are means ± S.D (n=3), 

Means Followed by the same letter are not significantly different at P< 0.05. 


Table 2: Lactic dehydrogenase activity in different tissues of male rat following oral administration with re¬ 
petitive doses of 0.1 LD50 of bromoxynil. 

Tissue 


Lactic dehydrogenase activity 


Control treatment 

Bromoxynil treatment 

% of control 

Serum 

100.5 + 14.71a 

120.09± 1.24b 

119.49 

Liver 

139.41 ±3.24a 

159.10±1.84b 

114.12 

Kidney 

91,95±2.47a 

96.70±3.1 la 

105.17 

Brain 

71.27+1.46a 

76.55±1.2a 

107.40 


Values are means ± S.D (n=3), 

Means Followed by the same letter are not significantly different at P< 0.05. 


Table 3: Catalase activity in different tissues of male rat following oral administration with repetitive doses 
of 0.1 LD50 of bromoxynil. 


Tissue 

Control treatment 

Catalase activity 

Bromoxynil treatment 

% of control 

Serum 

374.98±34.4a 

460.05±35.5b 

122.68 

Liver 

390.16±3.73a 

468.17±22.54b 

119.99 

Kidney 

60.62±3.51a 

68.23±5.71a 

112.55 

Brain 

85.55±4.45a 

89.93±4.13a 

105.12 


Values are means ± S.D (n=3), 

Means Followed by the same letter are not significantly different at P< 0.05. 
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Table 4: Alkaline phosphatase activity in different tissues of male rat following oral administration with re¬ 
petitive doses of 0.1 LD50 of bromoxynil. 


Tissue 

Control treatment 

Alkaline phosphatase activity 

Bromoxynil treatment 

% of control 

Serum 

121,99±0.98a 

134.09±13.1 la 

109.91 

Liver 

108.21 ±2.93a 

122.79±0.99b 

113.47 

Kidney 

71,66±2.19a 

86.81 ±4.81 b 

121.14 

Brain 

92.89±3.61a 

106.32±4.16a 

114.46 


Values are means ± S.D (n=3), 

Means Followed by the same letter are not significantly different at P< 0.05. 
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